Introduction
At the outset, it is important to understand how we arrived at the term EMPs, and the so-called NIOSH Roadmap (2011) . From my view it was the results of four main issues: 1) certain mineralogical particles that lacked a clear definition as they formed as intergrowths (often termed transitional particles), 2) amphibole species that did indeed occur in an asbestiform habit, but were not one of the five regulated species, 3) the movement of concern from asbestos-containing products in the built environment (e.g., building materials that had asbestos added) to "asbestos" occurring in the natural environment and issues this presented when trying to apply the same set of methods, regulations, and nomenclature that were used in the build environment (Gunter et al., 2007; Gunter, 2010) , and 4) use of the mineralogically incorrect phrase "naturally occurring asbestos (NOA)" (Gunter, 2009) . And following along with these four issues was the thought that all EMPs might present a health risk. Below each of these issues will be discussed in more detail, but prior to that it is important to be concise on the meaning of asbestos and asbestiform as used herein.
Asbestos is a commercial term for six minerals: chrysotile (i.e., asbestiform serpentine), crocidolite (i.e., asbestiform riebeckite), amosite (i.e., asbestiform cummingtonite-grunerite), anthophyllite, tremolite, and anthophyllite, when the latter three occur in an asbestiform habit. Note five of the six are different amphibole species of which there are currently over 100, with chrysotile being a serpentine group mineral (i.e., not an amphibole). Asbestiform as used herein to describe a mineral shape (i.e., shape, habit, form, and morphology are often used synonymously) that is lengthwise separable into fibers. So far there would be little disagreement on what is stated above, but the term "fiber" has multiple meanings, with its common day use (i.e., long, flexible, etc.) being used by the mineralogical community, while the regulatory community have assigned a certain shape, referred to as the aspect ratio, to define a fiber -often depending on the method used -as a particle with an aspect ratio (i.e., length:width) greater than 3:1 or 5:1.
Fig . 1A shows the cover of the NIOSH Roadmap and the aforementioned particle that somewhat defies classification. It is an intergrown particle of anthophyllite and talc. More precisely we have shown (McNamee et al., 2015) that it is non-asbestiform anthophyllite alerting to asbestiform talc. So just because a mineral occurs in an asbestiform habit, does not make it asbestos. The deposit where this particle came from also contains non-asbestiform tremolite particles with some occurring with aspect ratios greater than 3:1, regardless they are not asbestiform Gunter, 2013, 2014a) . No doubt one can start to see the issues with terminology are starting to creep in. The photograph in Fig. 1B was taken in Libby, Montana where a former vermiculite mine also contained both asbestiform and non-asbestiform amphiboles; however, the majority of the amphiboles were winchite and richterite, both which are non-regulated amphibole species (Gunter et al., 2007 present amphiboles in the soils that were not from the vermiculite deposit (Gunter and Sanchez, 2009 ). Likewise, Fig. 1C shows photographs taken in Biancavilla on the Island of Sicily. Here the volcanic rock contained a newly discovered, non-regulated amphibole species, fluoroedenite, that occurred in both asbestiform and non-asbestiform habits. Finally, an elongate zeolite, erionite, has been linked to mesothelioma in Turkey as well as Mexico; thus, adding another mineral group posing health risks (see Pourtabib and Gunter, 2015 and references therein) .
Examples of the third issue mentioned above (i.e., applying techniques from the build environment to the natural environment) can be seen in Figs. 2 and 3. All would agree that Fig. 2A is asbestos, and that the five other particles would meet a counting criteria to be a fiber, yet there would be disagreement between most in the geological community and regulatory community if the other particles are asbestos or not. Thus, one can understand why NIOSH sought to decrease some of the above issues by coining the term EMP, but as will be shown below, this term creates more confusion when applied to minerals in the natural environment as we will see below that the majority of the minerals encountered in soils can be EMPs. Finally, for the fourth issue, even more confusion stems from the use of the phrase "naturally occurring asbestos (NOA)," briefly this would cause a layperson to think asbestos is a manufactured product, and not natural product. It is also scientifically incorrect as all minerals, of which asbestos is one, are natural (Gunter, 2009) . The simple solution is to define the acronym NOA as natural occurrence of asbestos; thus, helping all to realize asbestos is a natural material. (For a layperson discussion on asbestos see Gunter (1994) , which also describes the issues that were occurring last century and for an updated more technical review of fibrous minerals see Gualtieri, 2017.) 
Mineral nomenclature
As noted in the abstract, Dyar and Gunter (2008) took 1419 words to describe what a mineral is. Needless to say, it can be difficult to succinctly define the natural world in words. Mineral nomenclature, often referred to as systematic mineralogy, is a field of study unto itself and dates to before we even understood that elements composed minerals. More pertinent to this discussion, it was noted above that there are over 100 species of amphiboles, and these species are named as a Fig. 1 . A set of illustrations showing the issues associated with "routine asbestos" nomenclature: A. The cover of the so-called NIOSH Roadmap, showing an intergrown particle of talc and anthophyllite (McNamee et al., 2015) B. A photograph of a soil in Libby, Montana that contained non-regulated amphiboles species, but also amphiboles not associated with the former vermiculite mine (Gunter and Sanchez, 2009) , and C. A warning sign and outcrop of volcanic rock containing an non-regulated amphibole fluoroedenite that occurred in an asbestiform habit. Fig. 2 . Three SEM-EDS images of serpentine group minerals taken from a gravel parking lot in Vermont. Image A is clearly chrysotile, while B and C would meet a counting criteria based on aspect ratio to be fibers, but could be debated if they are chrysotile asbestos or a non-asbestiform serpentine group mineral. (Modified from Gunter, 2010.) Fig. 3 . Three SEM-EDS images of amphiboles from different geographic regions of the USA. All would meet a counting criteria to be considered fibers, but none appear to have an asbestiform habit. function of chemical composition, including the need to determine the oxidation state of Fe. However, herein we are more concerned with the terms used to describe the shape or habit or form or morphology of a mineral. Also, from above we noted all asbestos minerals must occur in an asbestiform habit, but not all minerals occurring in an asbestiform habit are asbestos. Thus, to correctly define a mineral as asbestos its morphology and species name must be known. In general, the shape of a mineral is much harder to define than its species, as the species is precisely defined based on composition and structure. Shape can often be subjective, and many minerals can occur in many shapes. Dyar and Gunter (2008) described 60 different shape terms in their textbook. Of those the following 10 could refer to EMPs:acicular, asbestiform, columnar, fibrous, filiform, lath-like, prismatic, radiated, rod-like, wiry.
Note they never used the term "elongate" as this is a term, to my knowledge, not used in the mineralogical nomenclature.
Mineral distributions

Opportunistic EMP occurrences
Based mainly on my own curiosity, I began collecting soils as I traveled about to gain a better direct understanding of their potential asbestos content in suspect locations, as well as the morphology of any amphiboles present. Fig. 2 represents three separate morphologies of serpentine groups minerals collected in Vermont. There would be no debate the particle in Fig. 1A is chrysotile, while there would be debate on the particles in Fig. 1B and C; they would be counted as a fiber based on aspect ratio, but lack the asbestiform habit. Fig. 3 shows three separate amphiboles from different geographic regions of the USA; none showing the asbestiform habit, but all meeting counting criteria to be considered a fiber.
My instructions to the technicians collecting the above SEM-EDS data, were to "photograph and collect an EDS spectra on all elongate particles" just to make sure I would have examples of amphiboles in the natural environment. However, along with the amphiboles (e.g., Fig. 3 ), many other common minerals often appeared in the soils. Fig. 4 shows example of a few of these, and based soled on identification from EDS they are (from Fig. 4A to F) : quartz, albite (a plagioclase feldspar), Kfeldspar, rutile, dolomite, and apatite. Thus this series of SEM-EDS data shows how the most common minerals in the earth's crusts can occur as EMPs. And since approximately 2/3rds of the earth's crust is composed of feldspars and quartz (Dyar and Gunter, 2008) , one would expect most soils to contain EMPs. Finally, as part of a separate project where we were trying to located amphibole-free soils, I sampled a corn field in southern Illinois (Fig. 5) , only to find it contained over 2% amphiboles, and those amphiboles, as do most amphiboles, occurred as EMPs (Fig. 5) .
USDA-NRCS (United States Department of Agriculture -Natural Resources Conservation Service)
In an attempt to gain an understanding of the occurrence of amphiboles in the USA, Thompson et al. (2011) took advantage of the preexisting mineralogical data in the USDA-NRCS database (for more details see their full-length manuscript). Of the 34,326 soil sample locations in the USDA-NRCS database, 13% contained amphiboles based on a 300 point count with a polarized light microscope (PLM). Fig. 6 shows the amphibole locations from this database as blue dots. The red dots 5 . A photograph of a corn field in southern Illinois; the plastic bag marks the site of a the collected soil sample with an accompanying XRD pattern and PLM photographs (in both plane and cross-polarized light) of an amphibole particle with a greater than 5:1 aspect ratio. Fig. 6 . A map of the USA showing locations of rocks with the potential to contain amphiboles (in grey), with red dots marking the locations of known amphibole asbestos locations and blue dots for those obtained from the USDA-NRCS database (see Thompson et al., 2011 and references therein) . (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) Fig. 7 . A excerpt from Smith et al. (2013) showing the mineral compositions of 4802 sample locations in the USA. Note, they list all amphiboles as "hornblende." Fig. 8 . This USA map combines the USDA-NRCS amphibole locations (blue dots) (Thompson et al., 2011) with those from the USGS (red dots) (Smith et al., 2013; McNamee and Gunter, 2014b) . (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) are locations of amphibole asbestos and the grey areas rock types which would more than likely host amphiboles; again see Thompson et al. (2011) for details. What becomes apparent from this map, and hinted upon from southern Illinois corn field (Fig. 5) , the soil distribution of amphiboles is much broader than the areas of rocks likely to contain them. This makes geological sense since amphiboles would have been transported by geological agents (i.e., wind, water, and ice) as amphibole-containing rocks weathered into sediment. Thus use of this database shows the wide-spread distribution of amphiboles, and reinforces what was shown in Figs. 3 and 5 and discussed in the above section.
USGS (United States Geological Survey)
Unbeknownst to us while we were performing some of the above observations, the USGS was conducting a study to better understand the mineralogical and compositional makeup of soils in the USA; this study had nothing to do with EMPs. Unlike the USDA-NRCS the USGS collected samples in a grid pattern and used X-ray diffraction instead of PLM to determine the amount of each mineral present. These results were published by Smith et al. (2013) . Fig. 7 shows a summary table (note they list all amphiboles under the no-longer IMA approved species name of hornblende). Of the 4802 soil samples obtained from the A horizon in the USGS dataset, 16% contained amphiboles based on Rietveld analysis of power X-ray diffraction data at a 0.2% detection level, with an average of 0.4%. Fig. 8 shows the amphibole locations this new USGS dataset plotted (in red) with the USDA-NRCS data (in blue). Comparing Figs. 6 and 8, it is clear the distribution of soil amphiboles is more widespread than would be predicted by simply observing the location of potentially amphibole containing rock.
Dyar and Gunter textbook database
Currently there are over 5000 known mineral species, many of these are very rare occurring in only one or a few known locations and fortunately only a few minerals compose the majority of the earth's crust (e.g., 5% is amphiboles). We developed a database for our textbook that including 369 mineral species, selecting the most common students might encounter, or those of special mineralogical interest; their descriptions were taken from widely used mineralogical reference books.
Of the 369, 10% could occur in an acicular habit, while 20% in a fibrous habit. Of more interest in regards EMP's, we selected 156 minerals for PLM grain mount photos -the selection had nothing to do with EMPs, but again the most often encountered "non-opaque" minerals. Observation of these grain mounts showed 74% of them had EMP'sbased on a 3:1 aspect ratio. The first six minerals (alphabetically) from our database are shown in Fig. 9 , while this is the complete list:
Actinolite, adamite, aegirine, albite, allanite, almandine, alstonite, amblygonite, analcime, andalusite, andesine, andradite, anglesite, anhydrite, ankerite, anorthite, anthophyllite, antigorite, aragonite, arfevdsonite, astrophyllite, atacamite, augite, aurichalcite, autunite, axinite, azurite, barite, beryl, biotite, brochantite, brucite, bytownite, calcite, carnalite, celestite, cerussite, chabazite, chloritoid, chondrodite, chrysocolla, chrysotile, clinochlore, clinozoisite, colemanite, cordierite, corundum, crocoite, cryolite, cummingtonite, cuprite, datolite, diopside, dolomite, dravite, elbaite, enstatite, epidote, erythrite, ferrohornblende, fluorapatite, fluorite, forsterite, gibbsite, glauconite, glaucophane, grossular, grunerite, gypsum, hedenbergite, hemimorphite, heulandite, hydromagnesite, hydroxyapophyllite, hydroxylapatite, hydrozincite, jarosite, kaolinite, kernite, kyanite, labradorite, laumontite, lazurite, lepidolite, leucite, lizardite, magnesiohornblende, magnesite, malachite, marialite, mesolite, microcline, mimetite, monazite, monticellite, muscovite, natrolite, nepheline, omphacite, opal, orpiment, orthoclase, pectolite, perovskite, phlogopite, prehnite, proustite, pyromorphite, quartz, realgar, rhodochrosite, rhodonite, riebeckite, rutile, samarskite, sanadine, scheelite, schrol, scolecite, scorodite, siderite, sillimanite, smithsonite, sodalite, sphalerite, spinel, spodumene, staurolite, stilbite, stilpnomelane, strontianite, sulfur, talc, tephroite, titanite, topaz, torbernite, tremolite, triphylite, trona, turquoise, ulexite, vanadinite, vesuvianite, vivianite, wavellite, willemite, witherite, wollastonite, wulfenite, wurtzite, zincite, zircon, zoisite.
Naturally amphiboles are included above, but so were most other abundant soil minerals -quartz, feldspars, clays, carbonates, and pyroxenes, which average 50%, 17%, 10%, 2%, and 0.4% respectively (Smith et al., 2013 ) -and even some garnet species (i.e., almandine, andradite, and grossular)! Thus, in an attempt to "simplify" mineralogical nomenclature, and depending on the definition of "elongate," the majority of minerals could become EMPs. On a slight aside, quartz, which occurred at 99.8% of the locations in the USA, and composed 50% of the soils (Smith et al., 2013 ) is listed as a group 1 human carcinogen (Norton and Gunter, 1999; Gunter, 1999) , so there are other illinformed mineralogical issues other than the use of EMP.
Conclusions
As noted above in the two separate geographical datasets, and one mineral database, there is both a widespread distribution of amphiboles in the natural environment and the majority of minerals, when crushed, can also occur with a 3:1 aspect ratio or greater. Thus, if the term EMP is to be used, it will require a more thorough description than a 3:1 aspect ratio as this will make most natural mineral-containing materials (i.e., soils and rocks) "contaminated" with EMPs.
